The use of computers in scientific and educational presentations is rapidly increasing. As a digital presentation is ideal for showing moving images, the use of multimedia files, e.g., echocardiographic loops within these presentations, is common. Even though recent echocardiography machines store acquired data in a digital format, these data are often not readily accessible to be transferred to a personal computer. We present an easy and cost-efficient method for transferring frames and loops from any echocardiography machine into a personal computer using a digital video camera equipped with a standard analog input and flash memory. Still images and movies are stored in the camera to be subsequently transferred to a personal computer. In the computer, still images and movies are post-processed with graphical and video editing software. Finally, the still images and movies can be projected from the video camera or presented with specialized software such as PowerPoint. The images can also be used for Web-based publications and production of educational material or books on electronic media such as CD-ROM. The described method can also be used to transfer images from other proprietary devices and programs, as long as the devices are equipped with an analog video outlet. T here are two methods of storing visual information: on analog media, usually as videotapes, or as digital information stored in multiple formats that are frequently specific to a particular manufacturer. The standardized format for videotapes is NTSC (National Television System Committee) in North America, Canada, and Japan and PAL (Phase Alternating Line) in Africa, Australia, Europe, and South America. Recent echocardiography machines store data electronically in a standardized format called Digital Imaging and Communications in Medicine (DICOM) (1), resulting in faster retrieval of information (2) .
The use of digital material in scientific and educational presentations, as well as in Web-based presentations and CD-ROM, is rapidly increasing. As a computerized presentation is ideal for showing moving images, the use of multimedia files within these presentations is common. But how do we get frames and loops from an echocardiography machine into a file suitable for presentation?
Although the problem of transferring analog information into a digital device is clear, the transfer of proprietary digital data into a computer can be difficult. Although DICOM standardizes the format of image compression and storage, two problems remain: the image has to be transferred to a computer and the computer software has to be compatible with the DICOM format. Very fast and reliable networks with a modern architecture are needed for the transfer of real-time digital echocardiographic data (3). This is readily attainable for larger echocardiography laboratories, but it is expensive and not an option in many small institutions. Only 3% of echocardiography laboratories consider themselves predominantly digital in their data handling (3). Some individuals prefer to print the image on paper and subsequently scan it into a computer. Besides being time-consuming, this approach has the disadvantage of losing resolution and thus decreasing image quality. This method is also not applicable to animated graphics.
For these reasons we wish to present an easy and cost-effective method for transferring echocardiographic frames and loops from echocardiography machines with or without digital storage capacity into a personal computer.
Methods
We recorded the analog signal output of the echocardiography machine (Sonos 5500 Ultrasonographic System; Philips Medical Systems, Best, The Netherlands) with a digital video camera (DCR-PC100E; Sony, Tokyo, Japan). The digital camcorder must be equipped with an analog input, preferably with the ability to store still images on flash memory in addition to tape recording.
There are two ways to connect the video camera to the echocardiography machine: via an RCA connection (RCA stands for "Radio Company of America;" this connection is also known as "phono connection" or "chinch connection") or an S-video (super-video) connection. The RCA connection transmits the signal as Composite Video Blanking Sync, where the color (C), luminance (Y), and synchronization information are combined in a single signal. With an S-VHS connection, the signal is transferred as a Y/C signal, where color and luminance are transferred separately. The standard connector for S-video is a 4-pin mini-din connector. With both connections, the audio signal is transmitted separately and thus requires an additional connection. Typical color codes are yellow for the video signal, white for the left, and red for the right audio signal.
After connection to the echocardiography machine, the video camera has to be set to playback mode (in some cameras known as VCR mode) to activate the analog-to-digital converter within the camera. This enables the screen of the echocardiography machine to be visible on the display screen of the video camera.
The choice of the recording formats depends on the purpose of the image acquisition.
Still images for further use in graphical imaging
software and presentation/publication as still images. 2. Animated images for use with video editing software and presentation/publication as movies.
Still Images
After a connection is established as described above, the information from the echocardiography machine is visible on the display screen of the video camera. The frame of interest can now be located either in real time, on videotape, or on digital storage devices within the echocardiography machine. Once the image is located, it is captured by pressing the capture (or "photo") button on the camera. Note: this is different from the "record" button, which records images to tape. On some video cameras the recording media must be switched from tape to flash memory. The frame is then stored as a digital image on a flash memory within the camera. After the image is transferred to a computer, it can be post-processed using graphical imaging software. Post-processing includes erasure of patient identification and the addition of labels, as well as enhancing contrast and brightness of the image. These images can then be added to presentations (e.g., PowerPoint) without further manipulation.
Movies
After connecting the video camera to the echocardiography machine and localizing the loop of interest, the sequence is stored on tape in the video camera by pressing the record button. It does not matter whether the original information is in real time, on videotape, or on digital media. NTSC and PAL analog videos are of lower resolution than a digital video, and thus there is no loss in image quality during transfer. Once all loops of interest are recorded in the video camera this information has to be transferred to a personal computer. Because the movies are stored as digital information in a digital video camera, the transfer to a computer can be made without any compromise in image quality. Digital video contains a great deal of information and 1 min of video can be as large as 250 megabytes. Sufficient free space is needed on a computer's hard disk, and a fast connection has to be established between the computer and digital video camera. IEEE 1394 (also called "FireWire" or "iLink") is used for this connection. USB ports and wireless (Bluetooth) connections cannot be used for video transfer because of their limited data throughput. The computer requires video editing software; some examples are given in Table 1 . Video data are transferred from video camera to computer according to the video editing software.
Post-Processing
Although basic video editing software may be included with a computer or digital video camera, more sophisticated software may have to be obtained separately. Sophisticated video editing software allows for diverse manipulations: erasure of patient identification data, composition of multiple loops within one image, and the addition of labels and arrows. The finished movie can be either converted into a suitable format for presentation via computer software (such as PowerPoint) or played back to the video camera. The file can be presented from the video camera without the need of a computer or it can be recorded on videotape.
Presentation via computer and Web publishing. The original data (digital video [DV] stream) are too large and do not play with most presentation software packages. The DV stream can be converted using the video editing software. Reducing the image size or compression of the data or both can reduce the size of the file. The size of the image in a digital video is 720 ϫ 486 and 720 ϫ 576 pixels for NTSC and PAL, respectively. For computer presentations, presentations from the Internet, or presentations on CD, an image size of 320 ϫ 240 or even 160 ϫ 120 pixels is usually sufficient. DV is stored as 25 (PAL) or 29.97 (NTSC) images per second. For digital presentations this frame rate can be reduced to 15 frames per second. The available compression algorithms are dependent on the software used. It is advisable to select a compression that is interchangeable with different computer operating systems and compatible with most presentation software. MPEG-1 or MPEG-4 compression can be read by most operating systems and plays well in presentation software such as PowerPoint. QuickTime is free video playback software available for both Apple Macintosh and Microsoft Windows and integrates nicely with presentation software (http:// www.apple.com/quicktime/). Reduction of image size and frame rate, as well as compression, drastically reduces the size of the movie file, which can then also be published via the Internet. This post-processed video is independent of the video system (NTSC or PAL) and plays on most personal computers.
Presentation without computer. If the processed video is to be presented without a computer, i.e., directly from videotape to a LCD projector or television, then the DV stream can be played back to the camera and recorded on tape. The finished product can be easily presented at another institution by directly connecting the DV camera to a LCD projector. This is another advantage of the DV camera, as the presentation is projected by using the camera, thus eliminating the uncertainty of incompatibility between the NTSC and PAL systems.
Conclusion
The acquisition of high-quality echocardiography loops and frames is important for publications, teaching, and other purposes. As computerized presentations are increasingly replacing traditional slide presentations, multimedia files are commonly integrated primarily in fields where visual information is important, such as echocardiography. Although modern echocardiography machines store digital data and specialized software is available for data conversion, these tools are not broadly available.
The method described in this article is not dependent on expensive, modern equipment or specific locations and networks. A DV camera can be brought to the operating room and the loops or images transferred either to tape or flash memory. The post-processing can be done on any personal computer and the resulting files can be integrated into presentations. This method can be used to transfer images from other proprietary devices and programs, as long as the devices are equipped with an analog video outlet.
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